Background: The burden of HIV remains heaviest in resourcelimited settings, where problems of losses to care, silent transfers, gaps in care, and incomplete mortality ascertainment have been recognized.
BACKGROUND
The HIV epidemic remains a serious global health threat, affecting more than 35 million individuals, particularly in resource-limited settings, where the overwhelming burden and incidence of disease still lies. 1 However, there have been encouraging recent trends of reduced incidence and mortality alongside antiretroviral therapy (ART) program scale-up and ART provision for more than 18 million people, with more than 10.3 million people receiving therapy in eastern and southern Africa. 1 Although this represents treatment for only 54% of the more than 19 million HIV-positive individuals in the most affected setting, the scale of the intervention represents unique programmatic challenges. 1 Indeed, as ART guidelines have expanded to accommodate a treatment-as-prevention paradigm, retention in continuous care has remained a critical point of loss in the HIV care continuum, representing a barrier to optimizing individual patient outcomes and population reductions in transmission. 2, 3 The problems of losses to care, silent transfers (ie, undocumented transfer from one program to another), true gaps in care (ie, complete absence from medical care for defined periods of time with resumption of care at subsequent time points), and incomplete mortality assessment in these settings have been widely recognized, with a number of studies describing the influence of individual-level and program-level factors on these outcomes. 4, 5 Despite growing awareness of the problem and significant improvements in retention and ART adherence, particularly at sites offering adherence support services, counseling services, educational materials, and food rations, program attrition has persisted to an estimated rate between 0.5% and 2.5% per month, with as much as 30% of patients being lost to clinic in the first year after ART initiation, depending on the setting. 4, [6] [7] [8] [9] [10] [11] [12] One pernicious aspect of program attrition is that it hinders efforts to monitor and evaluate care and treatment programs and, by extension, hampers any intervention which may result in improving patient retention. This is because, as a rule, clinical outcomes are not known among patients who have been truly lost to a program and thus, attrition results in incomplete outcome ascertainment for a significant proportion of these cohorts. Consequently, inferences about these populations that do not account for incomplete outcome ascertainment among those lost to clinic may be subject to biases that may be significant. 13 However, it is often impractical or impossible for most programs in resource-limited settings, which may lack comprehensive death registries, to establish the vital status of patients who are no longer in care at the program and because of limited communications among programs, it is virtually impossible to ascertain whether a patient is receiving care elsewhere. The end result is a breakdown in the ability of programs and systems of care to perform monitoring and evaluation of programs and programmatic interventions to improve care and patient outcomes. A number of studies have noted these inferential barriers due to incomplete outcome ascertainment and have proposed potential analytic remedies. [13] [14] [15] [16] [17] Among the solutions considered is double-sampling among those lost to care (using either a random sample 14, 17, 18 or over-sampling individuals with specific profiles 19 ) and intensive tracing to ascertain outcomes. Double-sampling has been particularly appealing because only a small sample of those lost needs to be traced and the approach addresses selection bias due to differential emigration in a methodologically transparent and resourceefficient manner.
Virtually all of these studies, however, constitute a public health evaluation of patient outcomes and treatment programs. With essentially no exceptions, this powerful methodology has not been used to date to assess interventions that may improve patient retention or induce patients who have disengaged from care to re-engage. While a few studies in Africa have shown that programs that attempt to re-engage patients back into care have some success, 10 and reintegration of patients previously lost to clinic back into care should improve clinical outcomes, most studies taking the necessary next steps and quantifying the success of outreach strategies to improve re-engagement after losses to clinic have been conducted in the United States. [20] [21] [22] [23] [24] [25] [26] The few studies assessing re-engagement in low-income countries have focused more on descriptions of factors associated with attrition, have assessed only groups such as pregnant women, or have been qualitative in nature. [27] [28] [29] [30] [31] [32] No studies however have quantitatively evaluated the success of specific strategies or their timing to maximize patient re-engagement in care after loss to care.
Beyond describing the epidemiology of HIV and the movement of populations in and out of care, evidence is now required to transform epidemiologic understanding into public health action, re-establishing retention in HIV care and access to continuous ART. 33 The re-engagement of individuals lost to care is an essential and understudied stage in the HIV continuum of care. 32 In this report, we use a sampling-based method as described above to undertake a rigorous analysis of the impact and timing of patient outreach on re-engagement in care among HIV-infected patients receiving care in a large African HIV care and treatment program who have experienced gaps in care over the course of a decade. AMPATH enacted a patient outreach program where patients failing to appear for a scheduled appointment are traced by trained patient outreach staff in the community, based on location information the patients themselves provide on enrollment. 13, 34 Patients traced and found alive are given counseling and encouragement to return to care (RTC). The effect of this intervention on RTC, among patients found alive through outreach, is the focus of this study.
METHODS

Study Population and Measurement
We used patient-level data obtained prospectively through routine clinical care at AMPATH and data obtained through the outreach encounter. This information has been recently incorporated into the AMPATH Medical Record System (AMRS), which is based on the OpenMRS platform (openmrs.org). Data from routine clinical care were processed and validated through standard operating procedures within the East Africa Region of the International Epidemiologic Databases to Evaluate AIDS (IeDEA-EA; www.iedea-ea.org) of which AMPATH is a participating site. All data and research were sanctioned by the AMPATH Institutional Research and Ethics Committee and the Indiana University Institutional Review Board as well as all appropriate bodies within the 2 institutions pursuant to local and national regulations as appropriate.
Statistical Analysis
Analysis of return or re-engagement in care was based on patients who were lost to clinic and had a true gap in care. A "true gap in care" refers to a patient having not appeared for a scheduled clinic appointment and being neither dead nor receiving care elsewhere. This differs from an apparent gap, which would occur when individuals are absent from the clinic but receive care elsewhere without knowledge from the program of origin. This means unreported deaths and undocumented ("silent") transfers to other treatment facilities do not constitute a true gap in care.
Based on a sample of lost patients whose true vital status was actively ascertained through outreach, we applied a multiple imputation methodology to impute missing vital status of lost patients who were not reached and for whom we did not have true vital status ascertained. This was crucial for our analysis because only living patients with a true gap in care were at risk of returning to care. Imputation of vital status has also been shown to greatly improve the validity of inferences based on mortality outcomes in these settings, where ascertainment may be problematic. [13] [14] [15] [16] The multiple imputation used a missing at random assumption (MAR). [35] [36] [37] The MAR assumption here is translated as the following: the probability of missing data (ie, unsuccessful outreach) does not depend on underlying true (vital) status given the covariates in the imputation model to predict missing vital status. Simply, patients not traced are no more or less likely to be deceased compared with similar patients who were successfully traced. The covariates used in the imputation model were time to loss to clinic from enrollment, age at enrollment, sex, CD4 count, and WHO stage at enrollment, ART status at the time of the missed appointment, HIV status disclosure, and travel time to clinic. These variables along with additional data available through patient outreach, make the MAR assumption more plausible here.
Successful outreach (SOR) was defined as an outreach encounter where a patient lost to clinic was either successfully located if alive or had true vital status ascertained if deceased. Supplementary analyses assessed outcomes after early versus late or unsuccessful outreach efforts. These analyses complement the primary analysis by providing greater granularity in identifying an "optimal" time of SOR and identifying the risks of RTC about that cut-point, as opposed to modeling outreach time continuously. The definition of "early" was based on a grid search in which we looked for the number of days from flagging a patient as lost to clinic to SOR that achieved the smallest Akaike Information Criterion (AIC) value. In this grid search, we evaluated all times from 1 day to 100 days until the outcome of SOR (Supplemental Digital Content Figure 1 , http://links.lww.com/QAI/B49).
Cumulative probability of RTC was estimated based on the nonparametric Kaplan-Meier estimator applied to patients with observed or imputed true gap in care, using the multiple imputation method described above. Hazards of RTC were estimated by the Cox model.
Sensitivity Analysis
One complication of RTC analyses among patients with true gaps is that deaths occurring while not in care are not recorded. Although it is possible to identify, through patient outreach, true vital status and engagement in care, it is not possible to obtain additional information to ascertain who, among those with a true gap in care, did not return because they disengaged from care altogether, transferred to (ie, reengaged in care in) another clinic or died. This is because these outcomes occur after the outreach encounter is completed and, with few exceptions, no additional tracing efforts were initiated on patients who, after being traced, did not RTC at the original clinic. Consequently, there are no observable data that can be used to identify patients who died, which can be used in turn to inform estimates of corresponding death times. This issue of unobserved mortality is only relevant to the patients who did not re-engage in care during the study period.
In order to evaluate the robustness of our inferences to various scenarios regarding unobserved out-of-care mortality, we performed sensitivity analyses speculating on the proportion of patients who died or transferred to another clinic, among those who had a gap in care. In these, we have simplistically excluded silent transfers (a small percentage within the AMPATH program due to comprehensive coverage of its catchment area) and only considered scenarios involving increasingly larger proportions of death among those with a gap in care. Sensitivity analyses were implemented as follows: initially, we fitted a semiparametric cause-specific hazards model to assess effect on mortality while in care of gender, age when lost to clinic, CD4 count, and WHO stage at enrollment, being on ART, HIV status disclosure, and travel time to clinic. We imputed unknown vital status among patients lost to the program and not reached using multiple imputation, described above. In this manner, we assigned these patients our best guess whether the reason for their loss to program was disengagement from care versus being an unobserved death. We then approximated baseline hazards of this model with a Weibull-shaped hazard and used estimated effect parameters from the resulting model to simulate times to death while not in care. We assumed different levels of baseline mortality for those not returning to care during the study period, ranging from slightly lower to a much higher outof-care mortality compared with observed in-care mortality. Based on simulated mortality, we used the Aalen-Johansen estimator 38 
Models of Returning to HIV Care
We performed multivariable Cox models of the causespecific hazard of returning to care. Outreach efforts were found to always have some benefit, with regard to the probability of returning to care, regardless of the lapse between the last clinic date and the date of returning to care: the hazard of returning to care was always greater than 1. From the interaction between SOR and (log) time (Table 2) , we can infer that for every log time unit delay (ie, as outreach is delayed relative to the time of disengagement from care), the hazard of returning to care is reduced by approximately 14% [adjusted hazard ratio (HR) = 0.86; 95% confidence interval (CI): 0.85 to 0.88].
The effect of early outreach was analyzed further using an 8-day window, based on a grid-search approach, in supplementary analyses. When dichotomizing SOR as early versus late in this manner, we detected similar associations between return to HIV care and demographic and clinical characteristics as in the primary analyses where continuous time was used (Table 3) . Patients reached early (ie, within 8 days from their missed visit) had approximately 2 times the hazard to RTC (HR = 2.06; 95% CI: 1.99 to 2.11) compared with those who did not successfully receive outreach or received outreach late (ie, after 8 days from their missed clinic visit). In a naive complete-case analysis, excluding the 6838 individuals for whom the imputation procedure was used in the primary analysis to predict missing vital status, this effect was drastically attenuated (HR = 1.09; 95% CI: 1.06 to 1.12), though still statistically significant and in the same direction as when using the full study population (Supplemental Digital Content Table 1 , http://links.lww.com/QAI/B49). Importantly, using the entire study population, the earliest outreach was associated with an HR above 2.5, whereas outreach before 6 months had an HR between 1.6 and 2.0, outreach between 6 and 18 months having a HR between 1.3 and HR 1.6, and outreach after 18 months having minimal effect (HR ,1.3) (Fig. 1) . (Table 2 ). In contrast, higher CD4 count at enrollment was associated with lower likelihood of returning to care (HR = 0.95, 95% CI: 0.91 to 0.99) ( Table 2) . Adjusted associations between these covariates and RTC were similar in both magnitude and direction in the supplementary model using an 8-day window for SOR, both when using the full study population (Table 3 ) and when using the naive completecase analysis in which the 6838 individuals with missing true gap status were excluded (Supplemental Digital Content Table 1 , http://links.lww.com/QAI/B49).
Sensitivity Analyses
We performed sensitivity analyses by considering numerous scenarios of patient mortality after true gaps in care as described in the Methods above. The time-dependent effect of outreach based on the sensitivity analyses was essentially identical to the one from the main analysis. Specifically, the time-dependent effect (HR) of outreach at 1 year ranged from 1.34 to 1.55 and was highly statistically significant in all cases (P-value ,0.001). The corresponding effect of the interaction of outreach with the logarithm of time ranged from 0.87 to 0.91 and was statistically significant in all cases too (P-value ,0.001). This indicates that our results are robust to various scenarios regarding the mortality of those that never returned in care. This is supported by the extremely narrow intervals around the cumulative incidence estimates ( Fig. 2 ; see gray areas around the curves) which imply that under widely differing assumptions about the true rate of out-of-care mortality, our observations outlined in the previous section (which did not consider the unknown mortality after a gap in care) were quite robust to potential under-ascertainment of mortality as a competing risk for re-engagement in care with the adjusted HRs falling in the range of 1.96-2.03 between SOR and no outreach (analyses not shown). Results from a multivariable Cox proportional hazards model accounting for lack of proportionality in the hazards by the inclusion of the effect of interaction of SOR with the logarithm of time included to capture the time dependence of the effect of SOR over time.
*Years since flagged as lost. 
DISCUSSION
Among those with true gaps in care, outreach had a clinically significant impact on returning to care (HR = 2.056) even after controlling for other predictors commonly reported to be associated with the likelihood of gaps in care such as older age, pregnancy, lower CD4 count at enrollment, and ART. Notably, the relative effect of outreach on the likelihood of RTC had a strong time dependence from when the gap in care was identified. As shown in Figure 1 , the HR for returning to HIV care was higher the closer the outreach effort was made to the time of disengagement from care ( Fig. 1) . However, because people often spontaneously RTC soon after a gap is identified (eg approximately half of the persons in our study with a gap in care returned to care spontaneously within 3 months), the absolute effect of outreach rises and then falls, with a maximal effect occurring between 1 and 6 months. Formal optimization approaches could be used to identify the health-maximizing time for outreach by considering the number of people additionally returned to care together with the health benefit from reducing the length of the gap.
Our observations recapitulate differences and patterns noted in studies assessing programmatic retention in care, as older age and lower CD4 count at enrollment and/or at ART initiation have previously been reported as strongly associated with better retention in care within similar settings 28, [39] [40] [41] A notable difference of our study compared with previous reports is that our inferences were made with reference to a population already lost to clinic, versus the entire population engaged in care, which might be susceptible to saturation of treatment effect because individuals continuously retained in the entire population may not derive additional benefit from outreach efforts (eg, appointment reminders) directed at them.
In a previous report on re-engagement in care, Layer, et al 30 noted multiple barriers to return, such as work relocation requirements, lack of transportation resources, time commitments caring for sick relatives, losing identification, or clinical care access cards. Particularly important was fear of subsequent mistreatment by clinic staff after missed appointments. Lack of health knowledge did not seem to be a barrier. Camlin et al 32 identified a similar spectrum of factors, with poverty and transportation resources having a greater role, and fear of mistreatment by clinic staff also playing an important role. Indeed, it is possible that the outreach effort was effective in part because it mitigated concerns over staff hostility or provided encouragement to patients.
There were limitations to this analysis. As with all observational studies, our analysis may have been subject to residual confounding of the relationship between measured factors and re-engagement in care. In addition, as revealed in sensitivity analyses, the true mortality rate during gaps in care may be slightly underestimated, and thus the population of individuals susceptible to re-engagement in any particular risk set may be slightly overestimated. However, our approach has mitigated many of these limitations. Our study benefited from rich data available on transfers of care and double-sampling techniques using intensive tracing and mortality ascertainment to better characterize the patient population truly at risk of returning to clinic after a true gap in care. In fact, as the severely attenuated estimate from the naive complete-case analysis demonstrates, the use of imputation to properly incorporate the population not directly observed during outreach but still at risk of returning to clinic mitigated a serious source of selection bias. The imputation was therefore crucial in obtaining more valid estimates for the effect of early outreach on RTC. In sensitivity analyses assuming a wide range of mortality rates for those lost to follow up at the clinic of enrollment but not returning to care, inferences with respect to the cumulative probability of reengagement in care and the differences in re-engagement because of SOR were not appreciably affected. Accordingly, Estimates of the cumulative probability of returning to HIV care after a true gap in care (time zero) according to whether there was a SOR effort within 8 days from the date that a patient was flagged as lost to clinic (LTC), which was the beginning of the gap in care. Estimates are based on the analysis of the observed data (black solid and dashed lines) and the sensitivity analysis regarding various scenarios of the unobserved out-of-care mortality (shaded areas corresponding to a range of mortality rates while out of care).
our results are more likely to generalize to individuals who have true gaps in care, and are particularly robust to typical sources of bias.
Our results have an important policy impact. Within AMPATH, the outreach program had a clinically significant effect increasing the likelihood that individuals with a true gap in care returned to care, even after controlling for other risk factors and after verifying that the gaps were "true gaps" in care rather than undocumented ("silent") transfers or unreported deaths. Although programs continue to scale up and enhance delivery of ART to key populations, efforts to prevent losses to follow up and gaps in care will be essential to realize the full benefits of expanded access for both the individual and the HIV-uninfected population. As results from this study indicate, establishing outreach to patients absent from care could yield very high cumulative probabilities of re-engagement.
We conclude that patient outreach efforts have a positive impact on the likelihood of patient re-engagement in care, regardless of when they are undertaken, but particularly when initiated shortly after failure by the patient to keep a scheduled appointment. Our observations, which take into account the unknown outcome of patients with gaps in care, have the potential to inform both the possible benefit and optimal timing of such interventions. Outreach programs are an important component of ART programs that continue to scale up, especially if the cost-effectiveness of outreach efforts could be demonstrated to be favorable (meaning more health is bought with the same resources) compared with other programmatic priorities such as earlier initiation of ART, making second-and third-line ART regimens more available, and implementation of routine viral load testing. Indeed, future research on the cost-effectiveness of outreach interventions would inform its prioritization in the context of these multiple priorities. As current HIV treatment prevention efforts shift toward combination interventions, our results suggest that outreach may be a valuable constituent.
